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Recently, we have synthesized the 1,3-
dioxolan-4-one 1as a new kind of substi-
tuted heterocycle with liquid crystalline
and ferroelectric properties [6].

Stereoselective Synthesis of
Optically Active Di- and Trisub-
stituted Oxetanones as Chiral
Dopants to Induce Ferroelectri-
city in Liquid Crystals

Gunter Scherowsky* and Michael Sefkow [I]

Abstract. Optically active 3-hydroxybutyric and 3-hydroxyhexanoic acids were trans-
formed into 3,4-disubstituted and 3,3,4-trisubstituted 2-oxetanones using two different
approaches. Diastereoselecti ve alky lation was performed either on dioxanone enolates
or on Iithoxy-lithium enolates. Some recently published unexpected results of alkyla-
tion of substituted dioxanones were used for the synthesis of a trisubstituted oxetanone.

Results and Discussion

Now we report on the synthesis of 3,4-
disubstituted and 3,3,4-trisubstituted 2-
oxetanones, which seemed us to be supe-
rior to 1 because of their larger lateral
dipole moment and higher rigidity. The
required optically active a-mono- and a-
disubstituted 3-hydroxycarboxylic acids
were synthesized in two different ways.
(3S)-Ethyl 3-hydroxyhexanoate (3) was
prepared by yeast reduction [7] of comer-
cially available ethyl 3-oxohexanoate (2).
(3R)-Hydroxybutyric acid (5) was obtained
by depolymerization of poly(hydroxybu-
tyric acid) (PRB, 4) with TsOR [8] (Scheme
1).
The ethyl ester 3 was alkylated with

the benzylic bromide 7 [9] with high dia-
stereoselectivity via the lithoxy-lithium
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Since Meyer et at. [2] in 1975 first
postulated and soon afterwards experi-
mentally ferroelectricity in chiral liquid
crystals, the so-called ferroelectric liquid
crystals (FLC) are attracting great interest
in both fundamental research and techno-
logical applications. The interest further
increased, when Clark and Lagerwall [3]
in 1980 demonstrated, that FLC's might
be applicable for high-speed switching
devices. To achieve short response times
in FLC-displays a high spontaneous po-
larization and a low rotational viscosity at
operating temperatures is required. The
magnitude of spontaneous polarization
depends on l) the dipole moment perpen-
dicular to the molecular longitudinal axis,
2) the distance between the chiral center,
the lateral dipole, and the aromatic mes-
ogenic core, 3) the restriction in free rota-
tion in the region of the chiral center and
the lateral dipole.
To fullfill these requirements, differ-

ent concepts in designing FLC's were
realized [4]. We usechiral heterocycles, in
which the center of chirality and the lateral
dipole is combined in a rigid core [5].
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a) 2 equiv. LDA, LiCI, THF, 10 min, _5° ~ -35°; b) 1 equiv. 7, HMPAffHF 1 : 1,2 h, _35° ~ r.t.,
40%; c) 2 eqlliv. KOH, EtOH, 18 h, r.t., 86%; d) 2 eqlliv. PhS02Cl, pyridine, 24 h, 4°, 82%.
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enolate 6 (Scheme 2). Only one diastereoi-
somer was observed in the NMR spectrum
of the crude reaction product. Unlike the
reported procedure [10a], the reaction has
to be completed at r.t. in the presence of
LiCI, if only I equi v. of the electrophile is
used. At higher temperature (45°), we
observed retro-aldol reaction of8. Sapon-
ification of8 and cycIization with PhS02C1
[11] gave the oxetanone 9 [12] in 28%
overall yield.
This oxetanone derivative has no liq-

uid crystalline properties and is not useful
as dopant in LC mixture M 89/85 [13],
because it suppresses the desired Sc * phase.
Therefore, we decided to use the same
mesogenic substituent as in 1.
This substituent could not be used di-

rectly as Br derivative for the benzylation
step because of its insolubility in common
solvents for alkylations like THF or Et,O.
So, we used the benzyl ester 12 o( 4-
(bromomethyl)benzoic acid [14]. With this
electrophile, the benzylation of the lithoxy-
lithium enolate 6 failed completely; stil-
bene was the usually observed main prod-
uct. Therefore, we transformed (3S)-ethyl
3-hydroxyhexanoate (3) via the double
trimethylsilylated derivative 10 into the
corresponding dioxanone 11 [15] which
could be benzylated in reasonable yields
and, as reported [16], with high diastereo-
selectivity (Scheme 3). Ring opening of
the labile dioxanone 13 [17] to the {3-
hydroxy acid and ring-closure to the oxe-
tanone, hydrogenolysis of the benzyl ester
and esterfication of the benzoic acid with
the hydroxy biphenyl ether 14 gave in
good overall yield the oxetanone 15which
exhibits liquid crystalline properties (phas-
es: Cr (115 N* 120.9 BP I 121.9 BP II
122.1) 135.9 I).
In the same manner, oxetanone 17was

prepared, starting from (3R)-3-hydroxy-
butyric acid 5. The liquid crystalline prop-
erties of 17 are similar to 15. For compar-
ison of the physical properties oftS and 17
with 1, we synthesized the trisubstituted
oxetanone 19 via alkylation of 16 with
LDA/Mel. According to the recently pub-
lished results of Seebach and Pietzonka
[18] we expected an alkylation cis to the
Me group at C(6), which would lead to the
oxetanone 19 with the desired trans-con-
figuration. In fact, NOE experiments per-
formed at the oxetanone 19 [19] clearly
show the cis-configuration of both Me
groups. The si-attack of the electrophile
on the enolate 20 was explained by the fact
that the Me group at C(6) and the 1,3-
allylic strain presses the aromatic ring of
the benzylic group into the re-side of the
enol ate so that the si-attack of the e1ec-
trophile now will be prefered [20]. Molec-
ularmodeling calculations [21] of the con-
formations of the enolate 20 and the diox-
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a) 2 equiv. KOH, ElOH, 24 h, r.t., 80-90%; b) 2 equiv. Et3N, 2 equiv. TMSCl, CH2CI2, 24 h, 0° -7
r.t., 94-9%; c) t-BuCHO, TMSOTf, CH2CI2, 15 h, 78°, 90-96%; d) LOA, THF, 10 min, 78°, 12,14
h,-78°, 55-60%; e) HCl, EtOH, Si02, r.t., 92-98%; f) 3 equiv. PhS02Cl, pyridine, 24h,4°, 70-78%;
g) H2- Pd/C (JO%), EtOH, r.t., 93-97%; h) OCCI, OMAP, 14, CH2CI2, 18 h, r.t., 70-79%; i) LOA,
THF, 30 min, _78°, 4 equiv. CH31, 15 h, _78°, 25%.
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anone 18support this explanation (Scheme sample of (3R)-3-hydroxy butyric acid.
4). [9] This bromide was prepared from 'PCH-5-

The calculated conformation of 18also ketone' (available from MerckAG) follow-

explains why irradiation on the Me group
ing the procedure by S.M. Kelly, Hp. Schad,
Helv. Chim. Acta 1985, 68, 1444, except

at C(6) causes an irritating NOE on both for the bromination step which could be
substituents at C(5) and on the ortho-H of easier and with higher yields (97%) real-
the Ph group [22)[23), because the Me ized by using PBr3 as brominating agent in
group ofC(6) has nearly the same distance benzene.

to the Me and the CH2 group at C(5) and to [10] a) G. Fniter, Helv. Chim. Acta 1979, 62,

the ortho-H of the Ph group. Moreover, 2825,2829; b) M. Sutter, D. Seebach, Lie-

the calculated conformation in 18explains, bigs Ann. Chern. 1983, 939.
[II] W. Adam, J. Baeza, 1. Am. Chern. Soc.

why irradiation on the Me group at C(5) 1972, 94, 2000.
causes a NOE only on the CH2 group and [12] M.p. 63°. [a] r~l= -12.2 (c = 1.20, CHCI3).
not on the ortho-H of the Ph group. IR (CHCI3): 2960s, 2930s, 2860s, I820s,
Oxetanones 15 and 17 induce sponta- I 140m. 'H-NMR (400 MHz, CDCI3): 0.85

neous polarization in smectic C liquid (t, 1 = 7, 3 H); 0.90 (t, 1 = 7, 3 H); 1.04 (qd,
crystal hosts, when used as dopants [24]. 1 = 12.5,3,2 H); 1.15-1.36 (m, 13 H); 1.59
The highest values of spontaneous polar- (dddd, 1 = 14,9.5,6.2,6, I H); 1.77 (dddd,

ization (> I 00 nCJcm2, extrapolated) they 1 = 14,9.5,6.8,6,1 H); 1.83-1.90 (m, 4 R);

induce, when the host Sc-material con-
2.44 (tt,l = 12.5,3, I H); 2.97 (dd,l = 14.5,
9, 1 H); 3.]2 (dd, 1 = 14.5,6, 1 H); 3.45

sists of the olefines, obtained by thermal (ddd, J = 9, 6.8, 4,1 H); 4.19 (ddd, 1 = 6.8,
cyclo-elimination of CO2 from the corre- 6.2,4, 1 H); 7.1/7.15 (2m, 4 H). MS (mh,
sponding oxetanones. %): 356 (78, M+), 3] 2 (] 00),257 (30), 243

(21), 159 (70), 117 (93), 84 (99), 55 (99).
The support by the Deutsche Forschungsge- HR-MS: M calc. for C24H3602: 356.2715;

meinschaft (Sonderforschungsbereich 335 Ani- found: 356.2715.
sotrope Fluide) is gratefully acknowledged. [] 3] M 89/85: Cr 10 Sc 84.5 SA 93.5 N 105 I,

available from Hoechst AG, Frankfurt am
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[14] This bromide was obtained in two steps via
a-bromination of p-to]uic acid followed by
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Hochschule ZUrich, Laboratorium fUr Or- overall yield) or alternative]y via esterfica-
ganische Chemie, Universitatstrasse 16, tion of 4-formylbenzoic acid with
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[2] R.B. Meyer, L. Liebert, L. Stre]ecki, P. of the formyl group with NaBH4 in THF
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[3] N.A. Clark, S.T. Lagerwall, Appl. Phys. benzene (70% overall yield).
Lett. 1980,36,899. []5] D. Seebach, R. Imwinkelried, G. Stucky,

[4] The main structural features are a) open Helv. Chim. Acta 1987, 70,448.
chained chiral center(s) with polar sub- [16] a)D. Seebach,J. Zimmermann, Helv. Chim.
stituent(s), see e.g. S. Nakamura, H. No- Acta 1986, 69, ] 147; b) 1.Zimmermann, D.
hira, Mol. Cryst. Liq. Cryst. 1990,185, ]99; Seebach, T. Ha, ibid. 1988, 71, 1143.
b) small carbocycles with an additional [17] For reasons, see D. Seebach, U. Gysel, R.
polar group, see T. Kusumoto, A. Nakaya- Ziegler, T. Ha, 1. Am. Chern. Soc. 1988,
rna, K. Sato, T. Hiyama, S. Takehara, T. 110,4763.
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[5] a) G. Scherowsky, J. Gay, M. Gunaratne, 1]80m, 1085m, 1025w, 835m. IH-NMR
J st Int. Symp. Ferroel. Liq. Cryst. Bor- (400 MHz, CDCI3): 0.89 (t, 1 = 7, 3 H);
deaux-Arcachon 1987, p-18; b) G. Sche- 1.25-1.40 (m, 12H); 1.29 (s, 3H); 1.42 (d,
rowsky,1. Gay, N.K. Sharma, Mol. Cryst. J = 6.5, 3 H); 1.48 (br. quint., 1 = 7, 2 H);
Liq. Cryst. 1990, 178, 179; c) G. Sche- 1.81 (br. quint., 1 = 7, 2 H); 3.0], 3.2] (AB,
rowsky,1. Gay, Liq. Cryst. 1989,5, 1253; lAB = ]4,2 H); 4.00 (t, 1 = 7, 2 H); 4.60 (q,
d) G. Scherowsky,A. Lotz, M. Sefkow, 13 1 = 6.5, 1 H); 7.0/7.5 (2m, 4 H); 7.25/7.6
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FLC Conf Boulder 1991, 0-13. causes NOE onAB system at 3.0] and 3.2]

[6] G. Scherowsky, M. Sefkow, Mol. Cryst. and on ortho-H at 7.35. MS (mlz, %): 542
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[7] See D. Seebach, S. Roggio, T. Maetzke, (100). HR-MS: M calc. for C3sH420S:
Helv. Chim. Acta 1987, 70, 1605, and ref. 542.3034; found: 542.3035.
cit. therein. [20] For further details, see W. Amberg, D.
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Version 5.4, January 1991, Tripos Associ-
ates [nco For the calculations the Tripos
forcefield was used. The graphic was made
with Chern 3D plus. Calcu lations and graph-
ics were made at the ETH-ZUrich. The
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for the possibility of calculating and print-
ing the prefered conformations of enolate
20 and dioxanone 18.

[22] The NOE of the similar (2R,5S,6R)-5-ben-
zyl-2-(tert-butyl)-5,6-dimethyl-l,3-dioxo-
lan-4-one led first to the wrong assignment
of configuration at C(5) of that dioxanone
derivative (see []4b]) which would recent-
]y revised (see [18]).

[23] [a] ~'=+59.0(c= 1.37,CHCIJ). IR(CHCIJ):
2990s, 2970s, 2880s, ]720s, ]6l5m, 1490m,
1465m, I390m, ]280s, ] 125s, 955m. 'H-
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1.26 (d, 1 = 6.5, 3 H); 1:36 (s, 3H); 2.51,
3.64 (AB, lAB = 14,2 H); 3.65 (q, 1 = 6.5, I
H); 4.60 (s, ] H); 5.35 (s, 2 H); 7.3/7.9 (2m,
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NOE on q at 3.65, irradiating the d at 1.26
causes NOE onAB system at 2.51 and 3.64.
on ortho-H at 7.3 and on s at 1.36, irradiat-
ing the sat] .36 causes NOE on AB system
at 2.5 I and 3.64 and on d at 1.26. MS (mlz,
%): 4 IO (2.3, M+-), 353 (5), 324 (] 9), 307
(40),280 (8), 279 (4),255 (5),233 (12),217
(19), ]89 (8),173 (52).145 (II), 91 (100).
HR-MS: M calc. for C2sH300S: 410.2093;
found: 410.2093.

[24] G. Scherowsky, M. Sefkow, Liq. C,yst.
1992,12,355.


